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Benefits on language development and auditory 
perception performance of using a contralateral 

hearing aid in cochlear implanted children

Abstract

Objective: To evaluate the benefits of a contralateral 
hearing aid on expressive and receptive language de-
velopment and auditory perception performance over a 
36-month post-surgical period in children implanted on a
single side with a cochlear device for bilateral pre-lingual
profound sensorineural hearing loss.

Methods: Seventy-five patients with idiopathic profound 
sensorineural hearing loss were included. The cases were 
divided into two groups: cochlear implant users (50 pa-
tients, “CI group”) and cochlear implant plus hearing aid 
users (25 patients, “CI+HA group”). Language develop-
ment and auditory performance were compared in the 
two groups during the first 3 years following cochlear im-
plant surgery. The Pre-school Language Scale-4 was used 

to assess language development and the LittlEars® Audi-
tory Survey, Meaningful Auditory Integration Scale and 
Meaningful Use of Speech Scale were employed to assess 
auditory perception performance.

Results: Language development in the CI+HA group was 
superior to that in the CI group at 6 months post-surgery, 
in terms of receptive and expressive language develop-
ment; auditory perception performance was also superi-
or in the CI+HA group, compared to the CI group.

Conclusion: The use of a contralateral hearing aid in 
cochlear implanted children with prelingual sensorineu-
ral hearing loss positively contributes to language 
devel-opment and auditory perception performance.
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Hearing loss is one of the most common disabilities en-
countered in children. If not corrected, its negative effects 
may last a lifetime. Sensorineural hearing loss occurs in ap-
proximately 1-2 infants in every 1,000 births.[1,2] Hearing 
loss may be congenital or acquired after birth. Whatever 
the cause, hearing loss in the pre-lingual period should be 
diagnosed as soon as possible, and hearing amplification 
provided.

The first years of life represent the most critical peri-
od for speech and language development. If hearing loss 
in a child goes unrecognised during this period, speech 
and language development at the desired level cannot be 
achieved. Children who do not have auditory perception 
skills have an inadequate ability to recognise, distinguish, 
and understand voices. Unrecognised hearing loss during 
infancy and early childhood adversely affects the develop-
ment of the central nervous system, and social, emotional, 
cognitive and academic development lags behind com-
pared to the child’s healthy peers.[3] Cochlear implants fa-
cilitate a significant increase in hearing and speech skills in 
patients with severe or profound pre-lingual hearing loss 
when compared to the period preceding implantation of 
the device.[4] However, unilaterally implanted patients have 
difficulty locating sounds, such that all sounds appear to 
be coming either directly from their ear, or to be inside 
their head. Additionally, their ability to understand speech 
in every day, noisy or reverberant environments is relative-
ly poor.[5-7]

Currently, bilateral cochlear implantation is a common 
procedure. However, in some patients, cochlear devices 
cannot be implanted bilaterally due to medical complica-
tions, insurance restrictions or personal preference. Com-
bining electrical hearing (i.e. a cochlear device) with an 
acoustic hearing aid in the other ear may be an option for 
such patients. This combination of electrical and acous-
tic stimulation is termed “bimodal stimulation”. Binaural 
hearing via bimodal stimulation can improve speech per-
ception in both quiet and noisy environments, and also im-
prove the ability to localise sounds, determine sound qual-
ity, and perceive melodies and other aspects of music.[8,9] 
Looking at the benefits obtainable, one would be tempted 
to suppose the presence of residual hearing in the opposite 
ear were essential. Surprisingly, though, it appears that the 
benefits of bimodal stimulation are obtainable even where 
profound hearing loss is present.[10]

In our study, we evaluated the effectiveness of provid-
ing bimodal hearing (by supplying a contralateral hearing 

aid alongside a unilateral cochlear implant) on the devel-
opment of receptive and expressive language, as well as au-
ditory perception performance, in patients with bilateral 
pre-lingual profound sensorineural hearing loss.

Materials and Methods
A retrospective case-control study was undertaken at Gazi 
University Hospital. The study was conducted in accord-
ance with the principles of the Helsinki Declaration. Ethi-
cal permission number 469 was granted on 13/10/2014 by 
the Corporate Ethics Committee of the Gazi University 
Hospital.

A retrospective review was undertaken of patients from 
the clinic who had undergone cochlear implantation be-
tween 2002 and 2014 for profound pre-lingual sensorineu-
ral hearing loss. A total of seventy-five patients (50 single 
CI users, 25 CI and contralateral HA users) were included 
in the study. Table 1 presents the demographic data for the 
study participants. The inclusion criteria were pure-tone 
averages (PTAs) for hearing thresholds at 0.5, 1, 2 and 4 
kHz worse than 90 dB hearing loss in both ears, diagnosed 
in the pre-lingual period. The exclusion criteria were: pa-
tients who did not regularly use the cochlear implant or 
hearing aids, who suffered from hearing loss secondary to 
meningitis or a specific syndrome, had mental retardation, 
had not attended the rehabilitation programme regularly 
or had not attended audiological check-ups on a regular 
basis. The patients enrolled in the CI+HA group contin-
ued to use the hearing aids that they were using before the 
implant surgery. 

In the present study, for the evaluation of language 
development, a ratio was calculated in which the average 
score obtained for each language term was compared to 
the expected score at the patient’s chronological age, rather 
than recording the change over the period in which the pa-
tient was assessed. If the value of the ratio obtained is equal 
to or greater than 1, the patient’s language age is consistent 
with the chronological age; if it is less than 1, the language 
age is lower than the chronological age. When the level 
of language development between groups was compared 
in our study, this measure was used to compare outcomes. 

For each of the participants selected from the audiolo-
gy service follow-up documentation, the preoperative and 
postoperative 36-month language development test results 
and auditory perception test results were entered into a 
data format suitable for use with Microsoft Excel (Excel 
Version 12.0, Microsoft, Redmond, WA, USA). Other data, 
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including the patients’ sex, age of diagnosis, age of oper-
ation and pre-operative device usage times were also re-
corded. We used the Turkish-validated version of the Pre-
school Language Scale-4 for the assessment of language 
development. To determine the performance of auditory 
perception, we used the LittlEARS® Auditory Question-
naire, the Meaningful Auditory Integration Scale (MAIS) 
and the Meaningful Use of Speech Scale (MUSS).

Tests Used

Pre-school Language Scale-4 (PLS-4)
The PLS-4 test, which plays an important role in studies 
on language development, is a psychometric test to eval-
uate both the receptive and expressive language skills of 
children aged up to 6 years and 11 months of age. There 
are 62 test items for receptive language, 68 test items for 
expressive language and 104 pages in the illustrated test 
books. Testing begins at a level at least one year below 
the chronological age of the patient. For each question, 
the child’s answer format is marked with ‘D’, ‘S’, or ‘M’ 
(Directly, Spontaneously, Mother or nanny). Each ques-
tion has a passing criterion stated under the question. A 
child who meets the passing criterion is awarded 1 point 
and considered successful for that question. Any child who 
passes more than half of the questions in each language 
level then progresses on to the higher level questions. As a 
result of the test, the development period which the child 
has reached in terms of receptive or expressive language is 
determined (9-11 months, 18-23 months, etc).[11]

LittlEARS® Auditory Questionnaire
The LittlEARS® Auditory Questionnaire is a question-
naire evaluation that shows the auditory development, 
speech development and pre-verbal speech phase in nor-
mal or hearing-impaired children. It evaluates auditory 
development up to two years of age in hearing children, 
or in the first two years after a cochlear implant or hearing 
aid is supplied. It consists of 35 questions marked ‘Yes’ or 
‘No’. The ‘Yes’ option scores 1 point and the ‘no’ option 0 
points. The test has a maximum total score of 35 points.[12]

Meaningful Auditory Integration Scale (MAIS)
This test is a questionnaire consisting of 10 items that 
can be applied to children at all ages, both before and af-
ter implantation. The items evaluate the child’s ability to 
listen with the hearing aid or implant, recognise sounds 
and combine them with their meaning. The survey is di-
vided into three sections. The first two questions include 
the initiation of listening; questions three, four, five and 
six include recognition of voices; the seventh, eighth, ninth 
and tenth questions concern the ability to ascribe meaning 
to voices. There are five different response options for each 
question (0=never, 1=rarely, 2=sometimes, 3=frequently, 
4=always), giving a minimum item score of zero points and 
a maximum of four points. The test is evaluated over 40 
points in total.[13]

The Meaningful Use of Speech Scale (MUSS)
MUSS is used to assess the child’s communication strate-
gies, the ability to produce the sounds used in the mother 

Table 1. Demographic data of the patients

CI CI+HA p

Male 25 (50%) 9 (36%)

Female 25 (50%) 16 (64%)

Diagnosis age* (month) 9.1±4.8 10.7±4.7 p>0.05

Operation age* (month) 19.4±6.6 20±5.9 p>0.05

Duration of hearing aid before surgery* (month) 5.8±4.6 6±4.3 p>0.05

PTAs (.5, 1, 2, 4 khz) implanted side* (before surgery) (dB) 104.9±9.6 104.2±9.8 p>0.05

PTAs (.5, 1, 2, 4 khz) non-operated side* (dB) 103.5±9.6 100.2±9.3 p>0.05

CI: Cochlear implant group, CI+HA: Cochlear implant+hearing aid group, PTAs: pure tone averages, dB: decibel, khz: kilohertz, *: mean±SD
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tongue, and the ability to control those sounds. The test 
may be used with children of all ages. The questionnaire 
may be filled in by parents or teachers. The first three items 
on the questionnaire assess the patient’s voice control, the 
next five questions examine the speaking voice, and the 
last two questions evaluate speaking strategies. There are 
five different response options for each question (0=nev-
er, 1=rarely, 2=sometimes, 3=frequently, 4=always), giving 
a minimum item score of zero points and a maximum of 
four points. The test is evaluated over 40 points in total.[13]

Statistical Analysis

All data were analysed by means of the Statistical Package 
for Social Sciences application (SPSS for Windows version 
17.0; SPSS Inc., Chicago, IL, USA). The parametric Stu-
dent’s t-test was used to compare language development 
levels between the groups. Comparisons of within-group 
language development level over time were made using 
the paired sample Student’s t-test. The non-parametric 
Mann-Whitney U test was used to compare auditory per-
ception level development between groups, at different 
monthly intervals. The level set as indicating statistical sig-
nificance was p<0.05, for all tests.

Results
There were no statistically significant differences between 
the CI and CI+HA groups (p>0.05) in mean age at diagno-
sis, mean time of use of the device before surgery, the age 
at which surgery was performed, or PTAs before surgery of 
both implanted ears and non-operated ears.

There was no significant difference in receptive or 
expressive language development between groups un-
til the 6th month. However, after the sixth month, both 
the receptive and expressive language development of the 
CI+HA group was significantly greater (p<0.05). Table 2 
and Figure 1 show the mean language development rates 
of each group. At the end of thirty-six months, the lan-
guage development of patients in neither group matched 
chronological age, but the most significant approximation 
to this goal was in the CI+HA group (Figure 2). 

With reference to the results of the MAIS test, there 
was no difference between the groups up to the 6th month, 
while the mean test results of the CI+HA were significantly 
greater for all months from 6 months to 36 months (36th 
month, p=0.01). Similarly, the mean MUSS test scores 
in the CI+HA group were significantly higher after six 
months, and this significant elevation continued until the 

36th month (36th month p<0.01). When the LittlEARS® 
test results were compared, it was observed that the 
CI+HA group received higher scores from the postopera-
tive period up to 12 months, but this result failed to reach 
the level of statistical significance. The mean scores in the 
CI+HA group were significantly higher from the twelfth 
to the thirty-six months inclusive. At the end of the thir-
ty-six months, the mean test results of the CI+HA group 
were also significantly higher (p=0.01). Table 3 and Figure 
3 indicate the mean LittlEARS®, MAIS and MUSS test 
results for the groups.

Figure 1. Expressive (a) and Receptive (b) language development 
of the groups

Figure 2. Expressive and receptive language development of the 
groups at 36th month.

Discussion
The results of this study suggest that both receptive and 
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expressive language development and auditory perception 
performance are significantly better in children using bi-
modal stimulation hearing aids than in those using a coch-
lear implant alone. Permanent hearing loss in childhood 
entails a lifetime of negative impacts on affected individ-
uals and their families. Early diagnosis and treatment of 
these children are essential for correct speech, language 

Table 2. Expressive and receptive language development of CI and CI+HA comparison by month

CI CI+HA

ELD RLD ELD RLD P1 P2

0. m* 0.44±0.13 0.44± 0.12 0.47±0.12 0.48±0.13 0.44 0.209

1. m* 0.43±0.11 0.44±0.10 0.47±0.11 0.50±0.14 0.11 0.032

6. m* 0.52±0.15 0.53±0.16 0.71±0.21 0.69±0.22 0.001 0.003

12. m* 0.59±0.20 0.64±0.19 0.76±0.17 0.76±0.16 <0.001 0.011

18. m* 0.65±0.19 0.70±0.18 0.76±0.15 0.80±0.16 0.014 0.027

24. m* 0.69±0.20 0.75±0.18 0.79±0.16 0.86±0.16 0.041 0.013

36. m* 0.65±0.17 0.71±0.17 0.76±0.14 0.84±0.13 0.009 0.002

CI: Cochlear implant group, CI+HA: Cochlear implant+Hearing aid group, ELD: expressive language development, m: month, RLD: receptive lan-
guage development, * mean±SD, P1: ELD CI vs CI+HA, P2: RLD CI vs CI+HA

Figure 3. Auditory perception performance of the groups. Lit-
tlEARS® (a), MAIS (b), MUSS (c) 

Table 3. LittlEARS®, MAIS and MUSS test results of the groups’ comparison by month

CI CI+HA

LittlEARS MAIS MUSS LittlEARS MAIS MUSS P1 P2 P3

0. m* 0.92±1.3 4±3.5 2.2±1.9 0.92±1.3 3.7±2.3 2±1.1 >0.05 >0.05 >0.05

1. m* 3±2.5 8.5±4.6 5±2.9 3.2±2.1 8.4 ± 3 6.3± 2.9 >0.05 >0.05 >0.05

6. m* 12.6±6.2 20±6.9 9.2±4.1 15.5±8.6 24.4±7.9 13.2±4.1 0.16 0.02 <0.01

12. m* 20.8±6.6 27.8±6.7 15.2±5.4 24.6±6.5 34±5.1 18.9±5.1 0.02 <0.01 <0.01

18. m* 27.1±6.1 32.9±6 20±6.6 30.1±4.7 38.6±2.2 24.9±4.7 0.03 <0.01 <0.01

24. m* 31.5±4.5 36.8±1 25.7±6.7 33.2±3 39.8±1 30.3±3.7 0.02 <0.01 <0.01

36. m* 33.7±3 39.1±1.9 32.2±6.5 34.9±0.2 40±0 38.1±3 0.01 0.01 <0.01

CI: Cochlear implant group, CI+HA: Cochlear implant+hearing aid group, MAIS: Meaningful auditory integration scale,  
m: month, MUSS: Meaningful use of speech scale, *mean ± sd P1: LittlEARS CI vs CI+HA P2: MAIS CI vs CI+HA P3: MUSS CI vs CI+HA
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and cognitive development. Hearing and language learn-
ing processes begin at birth and are complete to a greater 
or lesser extent within approximately four to five years of 
development in normal children. Neuroplastic activity at 
this time is at a maximum level, and the various stimuli 
activate neuronal encoding of language in the fastest and 
most accurate way. Integration begins within the learning 
and language centres of the brain. The activity of the au-
ditory cortex begins increasing at birth.[14] This activity of 
the cortex does not occur in children with bilateral pre-lin-
gual hearing loss of a severe to profound degree. Although 
unilateral cochlear implants do confer many benefits, in-
cluding improved speech perceptual ability in implanted 
children, in daily life, children with cochlear implants con-
tinue to experience problems under challenging listening 
conditions such as noisy classrooms, playgrounds or within 
the house, due to the auditory stimuli being unilateral.[15] 
These difficulties can be obviated by bilateral cochlear im-
plants or, where this is not possible, by providing bimodal 
hearing via the use of a hearing aid.

The benefits of bimodal hearing are reported through-
out the literature.[16-18] Speech perception skills when both 
a cochlear implant and hearing aid are used simultaneous-
ly may be better than when hearing is unimodal, using a 
cochlear implant alone. In patients with bimodal hearing, 
single-word recognition may undergo a 15%–20% im-
provement, and a 20%–30% improvement in sentence 
recognition when exposed to background noise has been 
observed. Such patients are also better able to locate the 
origin of sounds.[19-21]

There is little doubt that cochlear implants are respon-
sible for improving speech and language skills in children 
with hearing loss, but their language skills overall contin-
ue to be weaker than their hearing peers. In children with 
hearing loss, bimodal stimulation provides early access to 
vocal pitch contrasts that are important for early speech 
perception.[22] Nittrouer and Chapman investigated bilat-
eral cochlear implanted infants with bimodal stimulation 
experience and found that they manifested improved lan-
guage development compared to bilaterally implanted in-
fants lacking such experience.[23]

The native language of children with CI may exert an 
effect on language development. Using an identical test 
battery may introduce a handicap when used to evaluate 
the development of different languages spoken in different 
countries. For this reason, different countries should use 
an appropriately adapted test when assessing development 

of the particular local language. Iwasaki et al [24] employed 
a package for the assessment of language development in 
Japanese hearing-impaired children (ALADJIN) to evalu-
ate the language development in children using cochlear 
implants and hearing aids together. They report that chil-
dren who used both a cochlear implant and hearing aid had 
superior language development to those using a cochlear 
implant alone. In our study we used the Turkish-language 
validated version of the Pre-school Language Scale-4. We 
observed that both expressive and receptive language de-
velopment were significantly higher in the CI+HA group 
than in the CI group, from the sixth month following im-
plant surgery.

Perception refers to the ability of our different senses 
to process the information received from the environment. 
Auditory perception can be defined as the ability to receive 
and interpret information reaching our ears through the 
air or other media in the form of audible frequency waves. 
Since auditory perception is involved in virtually every 
task we undertake, naturally it plays a vital role in our daily 
life, giving us the ability to interact adequately with the 
environment, communicate fluently, be alerted to poten-
tial dangers around us, and even to enjoy music. Numerous 
studies have proven that unilateral cochlear implantation 
(i.e. unimodal hearing) enhances auditory perception in 
children with severe to profound hearing loss.[25,26] Bimodal 
stimulation is a less well-researched area. Bimodal stimu-
lation promotes central integration of auditory stimuli and 
supports the acquisition of auditory perceptual skills. Thus, 
whilst stimulating the contralateral auditory pathway is not 
crucial for the development of meaningful hearing, it does 
provide additional perceptual benefits compared to not us-
ing the hearing aid.[27] There is evidence suggesting that 
bimodal stimulation augments the performance of audito-
ry perception by the use of a cochlear implant alone.[28,29] 
Similarly, in all the three test batteries we used (LittlEars®, 
MAIS and MUSS), we found that auditory perceptual per-
formance was significantly higher in the CI+HA group 
than in the CI group.

Looking at the benefits obtainable, one would be tempt-
ed to suppose the presence of residual hearing in the op-
posite ear were essential. While electrical stimulation has a 
greater effectiveness at higher frequencies, acoustic ampli-
fication is more effective in boosting the lower frequencies. 
Bimodal stimulation may be more advantageous than bilat-
eral cochlear implantation in cases where meaningful resid-
ual hearing is present, since perception of pitch information, 
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including voice pitch contrasts in speech, is directly influ-
enced by the level of hearing at low frequencies.[22,30] Against 
this explanation, Morera et al [8] state that the amount of re-
sidual hearing level cannot be used to predict the benefits of 
bimodal stimulation. Similarly, Beijen et al [31] hypothesise 
that the benefits of bimodal stimulation are seen, regardless 
of whether residual hearing is present or not in the oppo-
site ears of children using unilateral cochlear implants. The 
results of the present investigation support that hypothe-
sis. Although the PTAs of the patients in the CI+HA group 
were worse than 100 dB, the results confirmed benefit on 
language development and auditory perception perfor-
mance from bimodal stimulation in these patients.

Conclusion
The key finding in this study is that bimodal stimulation 
should be recommended to appropriate patients, regardless 
of the presence of residual hearing, to allow them to expe-
rience a social and academic life similar to their hearing 
peers. Contralateral hearing aid use contributes to language 
development and auditory perception performance in uni-
laterally implanted children with profound hearing loss. 
The retrospective methodology used here imposes certain 
limitations and, thus, we can expect stronger evidence to be 
obtainable in future studies using a prospective methodolo-
gy and enrolling greater numbers of participants.
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